This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




F/vag^ 3028 



PCT 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 
F16D 55/40, 65/12 



Al 



(11) International Publication Number: WO 00/09903 

(43) International Publication Date: 24 February 2000 (24.02.00) 



(21) International Application Number: PCT/GB99/02415 

(22) International Filing Date: 26 July 1999 (26.07.99) 



(30) Priority Data: 
9817759.5 



15 August 1998 (15.08.98) 



GB 



(71) Applicant (for all designated States except US): FED- 

ERAL-MOGUL TECHNOLOGY LIMITED [GB/GB]; 
Caws ton House, Cawston Lane, Rugby, Warwickshire 
CV22 7SA(GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BUNKER, Kenneth, James 
[GB/GB]; 39A Mill Road, Rearsby, Leicester LE7 4YN 
(GB). 

(74) Agent: DRURY, Peter, Lawrence; T & N Limited, Cawston 
House, Cawston Lane, Rugby, Warwickshire CV22 7SA 
(GB). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG 
BR. BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES. FI, Gb! 
GD. GE. GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV. MD, MG, 
MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU. SD, SE, 
SG, SI. SK, SL. TJ, TM, TO, IT. UA, UG, US, UZ, VN 
YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, 
SL, SZ, UG, ZW), Eurasian patent (AM, AZ. BY, KG, KZ, 

MD r R U— TOr-TM^-European-patcn t-( AT— B Er CI-lrCY—DEr 

DK, ES. FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). 



Published 

With international search report. 



(54) Title: MULTIPLE DISC BRAKE SYSTEM 

(57) Abstract 

A disc brake system (10) comprises a disc 
(12, 14), and a hub (16) which is arranged to 
rotate about an axis (18) thereof. The system 
(10) also comprises mounting means (20, 22) 
by which the disc (12, 14) is mounted on the 
hub (16) so that the hub and the disc rotate as 
a unit about said axis (18) and the disc can 
perform axial sliding movement on said hub. 
Said mounting means comprises a plurality of 
axially-extending grooves (20) formed in the 
hub (16) and teeth (22) projecting from the disc 
(12, 14) into said grooves. The system (10) 
also comprises resilient means (32; 42) acting to 
apply radial force between the disc (12, 14) and 
the hub (16). Said resilient means is provided by 
spring (32; 42) legated in at least some of said 
grooves (20) and engaging the teeth (22). 
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MULTIPLE DISC BRAKE SYSTEM 



This invention is concerned with a disc brake system, 
fof-exarap-l-e-for-a— wheel—of— a— vehicle-: 

A conventional disc brake system comprises a hub 
mounted on a suspension link for rotation relative thereto, 
the hub providing a mounting for a wheel, and a disc brake 
comprising a disc mounted for rotation as a unit with the 
hub, friction material pads arranged on opposite sides of 
the disc, and at least one piston and cylinder assembly 
operable to urge the pads into engagement with the disc, to 
brake the hub and hence the wheel • Conventionally, the 
piston and cylinder assembly is slidably mounted on a slide 
bolted to the suspension link of the vehicle. The disc is 
conventionally rigidly fixed to the hub, and wear of the 
pads and/or the disc is accommodated by the sliding 
movement of the cylinder. 

Disc brake systems are known in which the disc rotates 
with the hub as a unit but can perform sliding movement on 
the hub. For example, see GB 1 396 503 and WO 98/25804. 
However, since the discs are relatively thin, they tend to 
tilt on the hub and affect the braking ability. Also, 
there is a tendency for noise to be produced by rattle of 
the disc against the hub. At higher disc temperatures, 
these problems can be particularly severe since, when there 
is a large temperature differential, such as 600°C, between 
the braking surface of the disc and the hub, the disc 
expands considerably, away from the hub, exacerbating the 
problems of tilting and rattle. These problems are 
addressed in WO 98/2619 2 in which the solution proposed is 
to provide a plurality of resilient force applicators which 
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are mounted between the hub and the disc, the force 
applicators acting to apply radially-directed forces to the 
disc to control the movement thereof , the force applicators 
being distributed circumf erentially around the hub. In the 
example given in WO 98/26192, the disc brake system 
comprises two discs mounted on the same hub. One mounting 
means for the disc on the hub disclosed in WO 98/26192 
compr is e s-gr-oup s-o f-a-x-i-a-l-l-y - ext end-ing-grooves-f-ormed-in-the- 
hub and teeth projecting from the discs into said grooves , 
the teeth being slidable along the grooves. The force 
applicators are in the form of leaf springs mounted on the 
hub in the spaces between the groups of grooves. This 
system requires that, at least between the groups of 
grooves, there is sufficient clearance between the hub and 
the discs to accommodate the leaf springs and flexing 
thereof • This clearance has the disadvantage that it 
increases the possibility that a disc may tilt relative to 
the hub, thereby adversely affecting the operation of the 
brake . 

It is an object of the present invention to provide a 
disc brake system in which the afore-mentioned disadvantage 
is overcome or at least reduced. 

The invention provides a disc brake system comprising 
a disc, and a hub which is arranged to rotate about an axis 
thereof, the system also comprising mounting means by which 
the disc is mounted on the hub so that the hub and the disc 
rotate as a unit about said axis and the disc can perform 
axial sliding movement on said hub, said mounting means 
comprising a plurality of axially-extending grooves formed 
in the hub and teeth projecting from the disc into said 
grooves,, each tooth being a sliding fit in one of said 
grooves, the system also comprising resilient means acting 
to apply radial force between the disc and the hub, 
characterised in that said resilient means is provided by 
springs located in at least some of said grooves and 
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engaging the teeth of the disc which project into those 
grooves to apply radial force to said teeth.. 

In a disc brake system according to the invention, the 
springs are accommodated in the grooves in the hub so that 
space for them does not have to be provided between the 
grooves enabling the clearance to be reduced substantially. 

This-enables_the-possibili^ 

to be reduced. 

A disc brake system according to the invention may be 
as disclosed in WO 98/25804, except that the splined 
mounting means by which discs are mounted on a hub is 
replaced by mounting means as disclosed herein. The brake 
system of WO 98/25804 comprises one or more discs which are 
slidable on a hub under the control of leaf springs which 
act between the hub and the discs. The system also 
comprises a cylinder which is integrally formed with a 
suspension link and a caliper also fixed to the suspension 
link, the caliper having supports for friction material 
pads mounted thereon. 

In a disc brake system according to the invention, the 
springs may be flat leaf springs as disclosed in WO 
98/26192 or any other suitable type of spring. For 
example, the springs may be leaf springs each of which 
comprises at least three abutments which project 
transversely of the spring and engage the disc so that the 
abutments apply force to the disc. This arrangement has 
the advantage that the number of points of contact between 
the spring and the disc is increased thereby spreading the 
forces more evenly around the disc. The abutments may be 
provided by embossed portions of the spring. The 
abutments, preferably, are elongated so that each abutment 
remains in engagement with the disc throughout said 
movement of the disc on the hub. For example, said 
abutments may be in the form of ridges extending parallel 
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to the axis about which the hub rotates. The leaf springs 
may be secured to the outer surface of the hub in a manner 
such that the springs extend tangent ially of the hub when 
the disc is not mounted on the hub. Cut-outs, eg holes, 
may be formed in the leaf springs to control the force 
applied by the abutments to the disc. Where the disc brake 
system comprises one or more further discs mounted on the 
-h U b— the—lea-f-spr-i-ngs-may-be-arranged- in-groups,_one_ spring- 
in each group being associated with each disc, at least one 
spring in each group being retained in position by a 
connection to another spring in said group. 

There now follows a detailed description, to be read 
with reference to the accompanying drawings, of a disc 
brake system which is illustrative of the invention. 

In the drawings: 

Figure 1 is an end view of the illustrative disc brake 
system; 

Figure 2 is a cross-sectional view, on a larger scale, 
taken on the broken line II -II in Figure 1; 

Figure 3 is a perspective view, on a greatly enlarged 
scale, of a leaf spring of the illustrative disc brake 
system; and 

Figure 4 is a view similar to Figure 3 but of an 
alternative leaf spring of the illustrative disc brake 
system. 

The illustrative disc brake system 10 shown in Figures 
1 and 2 is for a wheel (not shown) of a car. The system 10 
comprises a disc 12, a further disc 14 and a hub 16, on 
which the wheel can be mounted. The hub 16 is arranged to 
rotate about a central axis 18 thereof. 

The hub 16 comprises an internally splined hollow 
inner cylindrical portion 16a which is arranged to receive 
a drive shaft (not shown) which drives the wheel. The hub 
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16 also comprises an external flange 16b at one end of the 
portion 16a. This flange 16b has four bolt holes 16c 
through which the wheel can be bolted to the flange 16b in 
a conventional manner. The flange 16b also serves to 
connect the portion 16a to an outer hollow cylindrical 
portion 16d of the hub 16. 

i.The—discs_12_and_L4__are—identical_to— one—another., 

being in the form of generally-annular cast iron or steel 
plates. The two discs 12 and 14 are mounted by means of 
mounting means of the system 10 on the cylindrical outer 
surface of the hub portion 16d so that the hub 16 and the 
two discs 12 and 14 rotate as a unit about the axis 18 and 
the discs 12 and 14 can perform axial sliding movement on 
said : hub 16. The mounting means comprises four grooves 20 
which are formed in the outer cylindrical surface of the 
portion 16d of the hub 16 and four teeth 22 which project 
inwardly from each of the discs 12 and. 14, The teeth 22 
enter the grooves 20 and are a sliding fit therein. 
However, the teeth 22 do not extend to the bottom surfaces 
20a of the grooves 20 , there being a clearance between the 
bottom surfaces 20a and the inner surfaces 22a of the teeth 
22. The grooves 20 are equally-spaced circumf erentially 
about the axis 18 and each occupies an arc of approximately 
45° about the axis 18. Between the grooves 20, the outer 
surface of the hub portion 16d is machined to be accurately 
cylindrical about the axis 18. The inner surface of each 
disc 12 and 14, between the teeth 22, is also machined to 
be accurately cylindrical about the axis 18 and a close fit 
over the cylindrical portions of the outer surface of the 
hub portion 16d. The close fit of the discs 12 and 14 on 
the hub 16 reduces the possibility of the discs 12 and 14 
tipping. 

The system 10 also comprises four friction pads 26 
(Figure 2) for braking the discs 12 and 14 by engaging side 
surfaces of the discs. The friction material pads 2 6 are 
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secured to three backing plates 28, one backing plate 2 8a 
being between the discs 12 and 14 and the others being on 
opposite sides of the discs 12 and 14 to the plate 28a. 
The median plate 28a has friction pads 26 secured to both 
of its faces. The brake pads 26 and the backing plates 28 
are not shown in Figure 1. The brake pads 26 are brought 
into braking contact with the discs 12 and 14 by operating 
means— (not-shown-)— wh-ieh-may—be-s-^ 

WO 98/25804. When the brakes are applied, a movable outer 
friction material pad 26 is moved until the four pads 26 
and the discs 12 and 14 are all in contact with one 
another, the discs 12 and 14 and the plate 28a sliding 
axially to accommodate this movement. 

The system 10 also comprises resilient means acting to 
apply radial force between the discs, 12 and 14, and the 
hub 16. The resilient means comprises four leaf springs 
3 2 mounted on the hub 16 and engaging the discs 12 and 14 
so that the springs 3 2 apply radial force between each of 
the discs 12 and 14 and the hub 16. The leaf springs 32 
are equally distributed circumf erentially around the hub 
16 , each being mounted on one of the bottom surfaces 2 0a of 
the grooves 20, ie the springs 32 are located in the 
grooves and act between the surface 20a and the inner 
surface 22a of the tooth 22 which enters the groove 20. 

One of the leaf springs 32 is shown in detail in 
Figure 3. Each spring 3 2 is formed from a generally 
rectangular piece of spring steel which is 0.25 - 0.3mm 
thick. Each spring 32 is secured in the circumferential 
centre of one of the surfaces 20a by means of a central 
screw 36 which passes through a hole 32a in the spring 32 
and enters the hub 16. Each spring 32 extends axially on 
the hub 16 throughout the range of axial movement of both 
discs 12 and 14 so that both discs 12 and 14 are engaged by 
all four of the springs 3 2 continuously. The springs 32 
act to control the sliding movement of the discs 12 and 14 
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on the hub 16 preventing tipping of the discs and 
compensating for thermal expansion effects. 

Each spring 32 comprises four axially-extending 
abutments 40 which project transversely of the spring 32. 
The abutments 40 are arranged with two of the abutments on 
each side of the hole 3 2a. Two of the abutments 40 are 
forced a t the extreme ends of the s prin g 32 , thereb y 
preventing the edge of the spring 32 from engaging the 
tooth 22 and reducing the risk of cracking of the spring 
32. Between the two abutments 40 on each side of the hole 
32a, a rectangular hole 32b is cut out of the spring 32. 
The hole 3 2b serves to control the force applied by the 
abutments 40 to the discs 12 and 14. 

The abutments 40 are provided by embossed portions of 
the spring 32 which are in the form of generally semi- 
circular (in transverse cross^section) ridges extending 
parallel to the axis 18. The abutments 40 are elongated in 
the axial direction so that each abutment 40 remains in 
engagement with both of the discs 12 and 14 throughout the 
movement of the discs 12 and 14 on the hub 16. 

Each spring 3 2 is arranged to engage the discs 12 and 
14 with its abutments 40 and apply force to the discs to 
control the movement thereof on the hub 16. Each spring 32 
is arranged so that the spring 32 extends generally 
tangentially of the hub 16 when the discs 12 and 14 are not 
mounted oh the hub 16. However, the springs 3 2 are 
deformed by the presence of the discs 12 and 14 so that 
each abutment 40 presses resiliently on the discs 12 and 
14. The springs 32, thus, act to apply radially-directed 
forces to the discs 12 and 14. 

In the operation of the disc brake system 10, the 
springs 3 2 as aforementioned control the sliding movement 
of the discs 12 and 14 on the hub 16. Each spring 32 
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engages each disc at four points of contact , provided by 
the abutments 40, thereby distributing the force applied by 
the spring 32 to each disc more uniformly. 

Figure 4 shows two leaf springs 42 which are joined 
together by a narrow tab 44, the springs 42 and the tab 44 
being formed from a single sheet of spring steel. The two 
leaf _spr ings_.j4 2_„each„have„a_s imi lar__f prm Jtp_jthe..sprixig„32_. 
except that the holes 3 2b are omitted, each spring 42 
having four abutments 46 which are similar to the abutments 
40 of the spring 42, However, the springs 42 are narrower 
than the spring 3 2 because each spring 42 is intended to 
engage only one of the discs 12 and 14. The springs 42. are 
mounted on the surfaces 20a (as a unit connected by the. tab 
44) by means of a screw (not shown) which passes through a 
hole 42a formed in one of the springs 42, Thus, each of 
the discs 12 and 14 has four of the leaf springs 42 
associated therewith, the springs 42 being arranged in 
groups of two, one of which is mounted on the hub 16 and 
the other of which is retained in position by the 
connection, via the tab 44, to the first-mentioned spring. 
As the tab 44 is narrow, the springs 42 act substantially 
independently. 

In modifications of the springs 32 and 42, the holes 
32a and 42a may be omitted and the springs provided instead 
with self-retaining means for retaining them on the hub 16. 
For example, such self-retaining means may comprise 
integral tabs extending from the spring over opposite ends 
of the hub 16 so that the springs can be clipped over the 
hub. In the case of the spring 32, such tabs extend 
normally to the general plane of the spring from both the 
edges . of the spring which are perpendicular to the 
projections 40. In the case of the springs 42, each of the 
end springs 42 in a group has one of the these tabs 
extending from its opposite edge to the position of the tab 
44. 
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In a further modification, the springs 3 2 and 42 can 
be formed into a non-planar form in order to determine the 
forces they will apply to the disc. For example, the 
springs can be formed into an arcuate shape such that, when 
the spring is mounted on the hub but before the discs are 
mounted on the hub, the ends of the spring are further from 
the hub than if the spring were planar. 
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1 A disc brake system (10) comprising a disc (12) , and 
a hub (16) which is arranged to rotate about an axis 
(18) thereof, the system also comprising mounting 
means (20, 22) by which the disc is mounted on the hub 

so^that„the„hub_,and_the„disc_^^^ unit about 

said axis and the disc can perform axial sliding 
movement on said hub, said mounting means comprising 
a plurality of axially-extending grooves (20) formed 
in the hub (16) and teeth (22) projecting from the 
disc (12) into said grooves, each tooth (22) being a 
sliding fit in one of said grooves (20), the system 
(10) also comprising resilient means (32; 42) acting 
to apply radial force between the disc (12) and the 
hub (16) , characterised in that said resilient means 
is provided by springs (32; 42) located in at least 
some of said grooves (20) and engaging the teeth (22) 
of the disc (12) which project into those grooves (20) 
to apply radial force to said teeth (22) . 

2 A disc brake system according to claim 1, 
characterised in that said springs (32; 42) are leaf 
springs. 

3 A disc brake system according to claim 2, 
characterised in that each of said leaf springs (3 2; 
42) comprises at least three abutments (40; 4 6) 
arranged to engage the tooth (22) and apply force 
thereto . 

4 A disc brake system according to claim 3, 
characterised in that said abutments (40; 46) are 
provided by embossed portions of the spring (32; 42)- 
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5 A disc brake system according to either one of claims 
3 and 4, characterised in that said abutments (40; 46) 
are elongated so that each abutment remains in 
engagement with the disc (12) throughout said movement 
of the disc on the hub (16) . 

6 A disc brake system according to any one of claims 3 

to 5 , characte rised in that said abutments (4 0_; 46). 

are in the form of ridges extending parallel to the 
axis (18) about which the hub (16) rotates. 

7 A disc brake system according to any one of claims 2 
to 6, characterised in that the leaf springs (32; 42) 
are secured to the outer surface of the hub (16) in a 
manner such that the springs extend tangentially of 
the hub when the disc (12) is not mounted on the hub, 

8 A disc brake system according to any one of claims 2 
to 7, characterised in that cut-outs (32b) are formed 
in the leaf springs (32) to control the force applied 
by the abutments (40) to the disc (12) . 

9 A disc brake system according to any one of claims 2 
to 8, characterised in that the system (10) comprises 
one or more further discs (14) mounted on the hub 
(16), and in that the leaf springs (42) are arranged 
in groups, one spring (42) in each group being 
associated with each disc (12, 14), at least one 
spring in each group being retained in position by a 
connection (44) to another spring in said group. 

10 A disc brake system according to any one of claims 2 
to 9, characterised in that the leaf springs (32; 42) 
are provided with self-retaining means for retaining 
them on the hub (16) , 
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